Background: Low birth weight (LBW) might be a risk factor for acquiring lower respiratory tract infections (LRTIs) associated with disease related complications in early childhood. HFMD, a frequent viral infection in southern China, is a leading cause of lower respiratory tract infections in children. We analyzed whether LBW is a risk factor for children with HFMD to develop lower respiratory tract infections. Methods: A total of 298 children with HFMD, admitted to a hospital in Qingyuan city, Guangdong province, were recruited. Demographic data and clinical parameters such as serum glucose level and inflammatory markers including peripheral white blood cell count, serum C-reactive protein, and erythrocyte sedimentation rate were routinely collected on admission. Birth weight data were derived from birth records. Results: Mean birth weight (BW) was 167 g lower in patients with HFMD and LRTIs as compared to patients with solely HFMD (p = 0.022) and the frequency of birth weight below the tenth percentile was significantly higher in patients with HFMD and LRTIs (p = 0.002).
INTRODUCTION
In recent years, large-scale outbreaks of hand, foot and mouth disease (HFMD) have increased and more severe cases have appeared in China, causing health economic as well as health care problems [1] . In mainland China in 2010, the reported numbers were 1,795,336 cases diagnosed with 905 deaths and in 2011 1,619,706 cases with 509 deaths [2] . Guangdong province was the most endemic region of HFMD. In this province the morbidity increased by about twelve percent from 226,620 cases in 2010 to 273,902 cases in 2011, whereas the number of deaths decreased from 63 cases in 2010 to 34 cases in 2011 [3] . HFMD is a common disease which is caused mainly by enterovirus 71 (EV71) and coxsackievirus A16 (CA16) and which generally affects children under the age of five years. Most children typically present with papulovesicular rash on the palms of their hands, soles of their feet, knees and/or buttocks, and multiple oral ulcers. Both viruses belong to the enterovirus genus of the picornaviridae family and can also cause other diseases, such as herpangina or flu-like symptoms [4] . A small proportion of younger children develop severe complications including pneumonia, myocarditis, encephalitis, brain-stem encephalitis, and acute flaccid paralysis. Other complications are neurogenic pulmonary edema. The pathogenesis is not completely understood but can lead to a rapid disease progression and a higher mortality rate especially in EV71-infected children [5] [6] [7] . Specific biomarkers were identified to estimate the severity of HFMD cases [8] [9] [10] . Hyperglycemia and leukocytosis are two important characteristics in severe patients, and blood glucose and peripheral white blood cell (WBC) count seem to change with the severity of the disease [8, 9] . Although results of different studies were not always consistent, a recent meta-analysis indicated that the prevalence of hyperglycemia and WBC count increases with the severity of HFMD [10] . Infants with LBW are more likely to be admitted to the newborn intensive care unit and they have a higher risk to acquire infections. In a study, LBW was associated with a higher risk of acquiring respiratory syncytial virus (RSV)-induced lower respiratory tract infection (LRTI) severe enough to lead to hospital admission [11] . A population-based case-control study in the US showed that adults aged 18 through 27 years, with a history of very low birth weight (VLBW) or moderately low birth weight (MLBW), were at increased risk of hospitalization for respiratory illness [12] . However, it is unclear if LBW is associated with a higher incidence of HFMD complicated by LRTIs such as pneumonia. This study investigated whether LBW is associated with higher incidence of LRTIs in children with HFMD in the Guangdong province.
MATERIALS AND METHODS

Patients and data collection
A total of 298 singleton infants and children with HFMD were admitted to the Department of Pediatrics in the Beijiang hospital of Southern Medical University in 2011. Most children were admitted between May and August (figure 1) and patients were between 1 and 142 months old, median 23 months. Demographic data such as age, gender, case history, and hospitalization time were collected. Clinical findings including fever, peak body temperatures, cough, rhinorrhea, and consciousness change were recorded. Clinical signs including oral ulcers, skin rashes, heartbeat, and respiratory rate, laboratory data such as hemoglobin level, peripheral red blood cell (RBC), white blood cell (WBC) and platelet count, hepatic and renal functional markers, serum glucose, C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) were routinely collected on admission. Birth weight records were obtained from the parents and later cross-checked with data sets obtained from the hospitals where the children were born. Very low birth weight (VLBW) is defined as a birth weight lower than 1500 g and moderately low birth weight (MLBW) is defined as a birth weight of 1500 to 2499 g.
Diagnostic definitions
All hospitalized cases included in this study were confirmed cases of HFMD based on the clinical criteria according to the standard China guidelines for HFMD diagnostic procedures of 2010 [13] . The patients with the following symptoms were defined as having HFMD: acute onset with fever, oral ulcers on the tongue or the buccal mucosa which produces obvious pain, vesicular rashes on the palms, soles, knees, and/or buttocks. Fever was defined as axillary temperature more than 37.3°C. Secondary bacterial and viral infections such as influenza A virus, RSV, adenovirus, and chlamydia/mycoplasma pneumoniae infections were excluded. The clinical diagnosis of lower respiratory tract infections (LRTIs), such as pneumonia and acute bronchitis, was based on the diagnosis given by pediatricians in charge, attributed to a combination of clinical, laboratory, and radiological findings from a chest X-ray and/ or a thoracic computed tomographic scan [14] . If the patient was more than one year old, leukocytosis was defined as WBC count > 10×10 9 /L. HFMD patients were divided into two groups, patients with LRTIs and patients without LRTIs as control group. We collected serum samples from all patients on the second day of admission. Serological tests for EV71 IgM and CA16 IgM were carried out as described previously [15] [16] [17] . The EV71 IgM ELISA kits (no. 3400526) and CA16 IgM ELISA kits (no. 3400427) were provided by Beijing Wantai Biological Pharmacy, approved by the State Food and Drug Authority (SFDA) of China in 2010 and 2011, respectively [17] . Data are presented as mean ± SD and number (%).
Data analysis
Data was analyzed with SPSS version 17.0. Results are presented as mean ± standard deviation. When examining frequencies, Chi-square and Fisher's exact tests were applied. T-Test was used to detect significant differences between the two groups of interest. A p-value of less than 0.05 was considered significant.
RESULTS
HFMD infants and children
All the hospitalized infants and children with HFMD were included retrospectively in the study. We identified 298 cases, predominantly male infants (183 cases (61.41%) with a male-to-female ratio of 1.59:1). The mean age was 26.82 ± 18.10 months. The incidence of preterm birth was 11.74%. Forty-seven cases (15.77%) were complicated by pneumonia and ten cases (3.36%) by acute bronchitis in patients with HFMD. One threeyear-old female infant had low serum potassium. Four patients also had chickenpox. The history data such as delivery type, supplementation of vitamin A in children younger than one year, full-course national vaccination, and multivalent pneumococcal vaccination are shown in table 1.
All of the infants and children generally recovered within seven to twelve days after hospitalization. They were admitted at 2.47 ± 1.68 days, range 1 day to 9 days, median 2 days after the onset of HFMD. The admission days made no statistical difference between the LRTIs group and control group. Intravenous immunoglobulin was given routinely for the treatment of severe cases according to the standard China guideline of treatment 2010.
Birth weight
Birth weight data reported by the parents were cross checked, and only those cases were included into the study where birth weight data reported by the parents could be confirmed by hospital reports. Mean birth weight was 3100.23 ± 423.87 grams (range 1300 to 4500 grams, median 3100 grams). For details, see table 1.
Association of LBW with the occurrence of LRTIs in infants and children with HMFD
Mean birth weight was 167 grams lower in the LRTIs group than in the control group, p = 0.022. Compared to the control group, the percentages of both LBW and BW below the tenth percentile were significantly higher in patients with LRTIs, p = 0.002 and p = 0.043, respec- tively. 14.29% had MLBW in the LRTIs group and 2.82% in the control group. MLBW counted for a high risk of acquiring LRTIs in children with HFMD, the odds ratio was 5.733 with 95% confidence interval of 1.659 to 19.812, p = 0.008. Concerning clinical manifestations, the incidence of cough and mean respiratory rate was significantly higher in patients with HFMD and LRTIs than in patients with solely HFMD, p < 0.001 and p = 0.009, respectively. In the laboratory tests, WBC count and CK-MB level were higher in HFMD patients with LRTIs than in the control group, p = 0.015 and p = 0.046, respectively. Other markers, such as platelet counts, serum C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), serum glucose at admission time, creatinine and liver transferase levels were not significantly different between the two groups (table 2) . The gathered data were analyzed again excluding infants aged younger than twelve months. The results were similar. Mean birth weight was 164 g lower in the LRTIs group than in the control group, p = 0.043 and the respiratory rate showed significant differences between the LRTIs group and the control group in HFMD patients, p = 0.021 (data not shown).
DISCUSSION
Our study, performed in southern China, demonstrated for the first time that low birth weight is associated with poorer outcome in young children with HFMD in terms of higher rates of lower respiratory tract infections. In mainland China, nationwide HFMD outbreaks have recently become a significant public health concern [1] . Over 3.4 million cases of HFMD including over 1,000 deaths have been reported in China since the epidemic in Fuyang city, Anhui province, 2008. Following this event, HFMD has been a disease that must be reported by physicians to the health authorities in China [18] . Guangdong province is one of the highly endemic regions, which is located in the south of China [19, 20] . In our study, the male-to-female ratio was 1.59:1, similar to the ratio 1.5:1 from Taiwan [21] , but somewhat lower than the ratio 1.9:1 from a one-year report of 2009 in Guangdong province by De et al. [20] . Thus, our study is within the range of other reports showing that more males are affected. The reason why the infection is predominantly seen in male infants is unknown so far. The higher overall male to female newborn rate and also better medical care of Chinese parents to male offspring might explain this.
Other studies trying to identify risk factors for poor outcome of HFMD could demonstrate that high fever, fatigue, respiratory distress, mucocutaneous papulovesicular rashes, cyanosis, and laboratory markers, such as Case number higher peripheral WBC counts and elevated levels of serum glucose, are indicators of serious complications and progressive pulmonary edema and/or haemorrhage [8] [9] [10] . In two retrospective studies of severe HFMD cases in Fuyang city, Anhui province from 2008, all patients who died were under the age of three years. The cases with poor outcome are often complicated by central nervous system manifestations of the disease such as encephalitis and myelomeningitis. Levels of serum aspartate aminotransferase (AST), lactate dehydrogenase (LDH), creatine kinase-MB (CK-MB), and serum glucose were also elevated in those studies [22, 23] . In our cohort, serum CK-MB levels were increased in patients with HFMD and LRTIs as compared to the control group (p = 0.046). An elevation of this cardiac specific creatine kinase in patients with HFMD indicates cardiac involvement (myocarditis) [24] . This is of particular interest, since CNS involvement of HFMD and cardiomyopathy are major prognostic factors for severe EV71 meningoencephalitis, a fatal complication of HFMD [25] . Lower birth weight in general is a known risk factor for poor outcome of any major disease in the first months of life. This was, however, never analyzed for HFMD. Hence, we set up a study to analyze whether low birth weight is indeed another risk factor for poorer outcome of HFMD infections in young children. A major complication of HFMD is the development of lower respiratory tract infections. Our data clearly show that low birth weight is also an independent prognostic factor for the outcome of HFMD in young children. So far lower birth weight was associated with poorer pulmonary outcome for other viral diseases. Premature infants are particularly susceptible to RSV infections and their severe complications [11] due to an immaturity of the lung and the immune system [26] . It was shown that premature birth is associated with reductions in functional residual capacity, compliance, flow and gas exchange capacity [27] [28] [29] . LBW children might have disturbed cell immunity and an increased vulnerability to infectious diseases in later life [30] . In this context, it is also of note that in a study of 298 healthy term newborns in the Netherlands, children with a birth weight below 4 kg had a much higher risk of acquiring RSV-LRTIs in the first year of their life [31] . A population-based case-control study was conducted from 1998 to 2007 in Washington State, USA. In this study, it was shown that adults aged 18 to 27 years, with a history of low birth weight (VLBW or MLBW), were at increased risk for hospitalization for respiratory illnesses [12] . Those studies show that the association of birth weight or preterm birth with the susceptibility for viral infections in later life and poorer outcome persists into later life. This, for sure, needs to be confirmed in future larger epidemiological studies. A limitation of our study is the fact that we had no data on gestational age and thus could not exclude that our findings might be driven by preterm birth cases. However, the finding that the differences between the HFMD with and without complications was only 165 g does not support a major role of gestational age as confounding. So far, lower birth weight was just recognized as an important risk factor for type 2 diabetes mellitus and cardiovascular diseases, such as myocardial infarction, hypertension, and stroke in later life [32, 33] . Concerning lung diseases, current studies suggest that both environmental and genetic factors in various periods of life, and their epigenetic mechanisms, may underlie the complex associations of low birth weight with respiratory diseases such as asthma and respiratory tract infections in later life [34, 35] . The 'fetal origin' hypothesis proposes that adulthood lung, cardiovascular, and metabolic diseases originate through adaptation of the fetus in relationship to environmental conditions in early life [36] . It was proposed that an event in a critical early period of life permanently alters organ structure and function in response to environmental factors. Such events may lead to lung/cardiovascular/metabolic diseases in later life. The classical event causal for fetal programming is maternal undernutrition during pregnancy. This was first recognized in epidemiological studies and later confirmed in animal experiments [37] [38] [39] . Meanwhile several other mechanisms caused by environmental conditions in early life leading to lifelong functional and structural alterations have been described, among them glucocorticoid exposure of the fetus due to 11 beta-hydroxysteroid dehydrogenase deficiency of the placenta [40, 41] or even a high protein diet during pregnancy [42] . Another mechanism responsible for programming events during intrauterine life might be related to maternal genes affecting the fetal phenotype independent of the fetal genome (43, 44) .
In conclusion, our study demonstrated for the first time that LBW in children with HFMD might be a risk factor for developing complications with poorer outcome such as lower respiratory tract infections including pneumonia and acute bronchitis.
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